The aggressiveness of a tumor depends on the properties of neoplastic cells (cell proliferation, cell loss, angiogenesis, expression of oncogenes) and host response to tumor invasion (stromal framework). There is a good deal of evidence to suggest that the relationship between carcinomatous cells and the stromal framework influences the invasive and metastatic properties of the tumor cells themselves (1) . The stromal framework can modulate the morphogenesis, differentiation, and mitogenesis of malignant tumors (2, 3) . Conversely, it is also known that the proliferative activity of tumor cells can influence the growth of the stromal framework (4) and then account for their invasive and migratory properties (5) . Variations in these aspects could therefore, at least partially, explain differences in invasive and metastatic properties among tumors of the same type.
In this respect, adenocarcinomas of the lung, displaying a wide spectrum of clinicopathologic features with varying prognosis (6) , provide an interesting human tumor model to study the relationship between the stromal framework and the aggressiveness of the disease. In addition, surgical resection of adenocarcinoma is the only treatment that offers a prospect of long-term survival. Reliable methods of identifying prognostic markers of lung adenocarcinomas would improve the overall treatment of these patients.
The proliferative activity of a tumor is a potentially useful indicator for predicting the prognosis of the disease (7) . To evaluate changes related to tumor cell proliferation, we assessed the presence of proteins proliferating cell nuclear antigen (PCNA), Ki-67, and p53 in the neoplastic cells by immunohistochemical reaction, which is a simple and reasonably inexpensive method that could be performed at most laboratories.
In the present study, morphometric procedures were used to quantify histologic and immunohistochemical tumor markers of the aggressiveness of adenocarcinomatous cell (proportion of vascularization; histologic type; and immunohistochemical detection of PCNA, Ki-67, and p53 proteins) and host defense to invasion (tumor stromal proportion). Furthermore, the impact of these factors on overall follow-up was analyzed.
PATIENTS AND METHODS
Tumor specimens from 64 patients (43 men and 21 women) who had adenocarcinoma of the lung were assessed. All patients underwent surgical resection at Instituto do Coração and Hospital das Clínicas da Faculdade de Medicina de São Paulo between 1979 and 1994. The patients were selected on the basis of the tumor staging and the availability of paraffin blocks of the neoplasia. No chemotherapy or radiotherapy was administered before or after surgery. No patient had evidence of metastases to head, chest, abdomen, or bones at the time of surgery, according to computed tomographic scans and radionuclide scans. The mean patient age for this study was 59.8 Ϯ 11.1 years (range, 33 to 84 years). All cases were staged after surgery using the International Staging System (8) , and those with Stages I (n ϭ 29), II (n ϭ 11), IIIA (n ϭ 21), and IIIB (n ϭ 3) were enrolled in our study. Staging of each case was separated into tumor size (T stage) and nodal involvement (N stage) to evaluate the influence of these variables on overall follow-up. Information regarding patient age, sex, and follow-up data was obtained through medical records or from consultation with either the physician or the family of the patient. Overall follow-up time corresponded to the follow-up time for patients who were alive and to the survival time for patients who had died, all of them expressed in months. Follow-up time of a living patient was defined as the time from surgical intervention to the last information available about the patient's health. Survival time was defined as the time from surgical intervention to the date of the patient's death. Patients who died less than 1 month after operation and those whose follow-up was shorter than 12 months were not included in this study, except for one living patient who presented cancer recurrence after 8.1 months of follow-up. All overall follow-up figures were corrected for patients who were alive without (n ϭ 20) and with cancer recurrence (n ϭ 1) and for patients with non-cancer-related death (n ϭ 2).
MORPHOLOGIC EVALUATION
Tumor tissue samples were obtained at surgical treatment of lung adenocarcinoma and fixed in 10% formalin. For each case, one or two slides of the principal tumor were selected by light microscopy. Acceptable sections were those that represented the predominant histologic subtype identified on the majority of slides, with at least 10 microscopic fields at a magnification of ϫ250 representing adenocarcinoma, none or little necrosis, and minimal preparation artifact. Their respective paraffinembedded blocks were sectioned at 3 m, mounted onto poly-L-lysine-coated slides, and stained with hematoxylin and eosin. Two pathologists reviewed these slides separately and in a randomized fashion and agreed on the diagnosis of lung adenocarcinoma. The histologic classification of each case was done in accordance with World Health Organization guidelines (9) , based on the predominant histologic subtype identified on the majority of slides.
MORPHOMETRIC EVALUATION
The tumor proportions of stromal vascularization were determined by the point-counting technique (10), using a coherent system of 100 points and 50 lines attached to the eyepiece of a light microscope (Fig. 1) . To fulfill the statistical requirements, the fields were sampled systematically and independent of their content-and of the observer-but all inside a well-defined region. The microscopic fields to evaluate proportion of morphologic parameters was determined mathematically to maintain the coefficient of variation or error of the procedure FIGURE 1. Illustration of the method for determining the amount of stroma and low stroma, high stroma, and related survival. always at less than 5% for 30, 20, or 10 microscopic fields. After this procedure, counting was performed using a cascade progressive sampling approach. The morphologic variables assessed for each patient were tumor stromal proportion (STRO) and tumor vascular proportion (VES). The stromal proportion was determined in 10 noncoincident microscopic fields in each case, at a magnification of ϫ250, and was defined by the following relationship:
where Pstro is the average of the points overlying tumor stroma and Ptu is the average of the points overlying total tumor tissue. The tumor vascular proportion was assessed in 3-m Verhoeff-stained sections, in 10 noncoincident microscopic fields in each case, at a magnification of ϫ400, and was defined by this relationship:
where Vintra is the average of the points overlying vessels situated inside the tumor; Vperi is the average of the points overlying vessels situated in the boundary area between neoplastic/non-neoplastic lung tissue, each of them counted in 10 noncoincident fields; Ptu is the average of the points overlying total tumor tissue, at a magnification of ϫ400.
IMMUNOHISTOCHEMISTRY
For each case, among the paraffin blocks used for morphologic and morphometric analysis, we selected the one that presented none or little necrosis. Histologic sections were cut at 3 m and mounted onto poly-L-lysine-coated slides. Immunohistochemical detection of PCNA, Ki-67, and p53 proteins was assessed. The immunohistochemical methods used have been proved to be accurate and reproducible by other authors (11) (12) (13) .
Tissue Preparation
Paraffin sections were dewaxed in xylene and hydrated in graded ethanol. Antigen retrieval was done by heat treatment for p53 with 10 min of microwave, and for Ki-67 with 15 seconds in a pressure cooker. The slides were incubated overnight with the following primary antibodies: a monoclonal mouse antihuman p53 protein (DO7; Dako A/S, Glostrup, Denmark; dilution 1:40), a monoclonal mouse antibody nuclear antigen Ki-67 (MIB1; Immunotech, Marseille, France; dilution 1:400), and a monoclonal mouse anti-PCNA (PC 10; Dako A/S; dilution 1:80). Subsequent incubations with biotinylated rabbit antimouse immunoglobulins (Dako A/S) and a streptavidin-horseradish peroxidase conjugate (Amersham International plc, Buckinghamshire, England) were done. The reactions were developed with 3,3Ј-diaminobenzidine (Sigma Diagnostics, St. Louis, MO) and counterstained with Hematoxylin Solution Gill (Sigma Diagnostics). For positive controls, formalin-fixed paraffin sections of adenocarcinoma and squamous cell carcinoma of the lung known to be positive for PCNA, Ki-67, and p53 were stained simultaneously. For negative controls, sections were incubated with fetal bovine serum instead of the primary antibodies.
Immunohistochemical Indexes of PCNA, Ki-67, and p53 Proteins Brownish nuclear staining was considered to be evidence of the antigen expression by cells, according to respective antibodies used. To determine the proliferation indexes after immunohistochemistry, we used conventional point counting (see Gendersen et al. 10), the same technique used for the morphometric evaluation ( Fig. 1) . At a magnification of 400ϫ, 10 noncoincident microscopic fields in each case were studied to quantify the amount of points overlying stained cells, counting a total of 1000 points that covered an area of 62,500 m 2 / field/section, actually representing the proportion of stained positive cells in areas of tumoral tissue. The immunohistochemistry proliferation indexes were obtained by the following relationship:
where Pih and Pt are the numbers of points overlying tissue stained cells and tumor, respectively, expressed as a percentage. For all morphometric procedures, an estimate of the error (CE) was computed by the following relationship:
where SE represents the standard error of the mean. Considering the number of points counted, CE was kept under 10% in all morphometric measurements.
STATISTICAL ANALYSIS
The measured variable values of all cases were arranged in ascending order and divided into two groups on the basis of the median value of each variable. The groups were called low and high degree for each variable as follows: stromal proportion (low degree, Ͻ24.30%; high degree, Ն24.30%), vascular proportion (low degree, Ͻ7.55%; high degree, Ն7.55%), PCNA index (low degree, Ͻ45.16%; high degree, Ն45.16%), Ki-67 index (low degree, Ͻ22.22%; high degree, Ն22.22%), and p53 index (low degree, Ͻ6.45%; high degree, Ն6.45%). Overall survival analysis was done in two steps. In the first test, we performed univariate analysis relating overall follow-up time to each of the measured variables by means of Life Tables of Survival (14) . Briefly, the basic idea of the life table is to subdivide the period of observation after a starting point, such as surgical resection for lung cancer, into smaller time intervals, say, single months. For each interval, all people who have been observed at least that long are used to calculate the probability that an event, such as death, will occur in that interval. The probabilities estimated from each of the intervals are then used to estimate the overall probability of the event's occurring at different time points. All available data are used for the computations. This series of analysis was used to select the variables that exhibited a significant association with overall follow-up (P Ͻ .05). The significant variables selected on the basis of a univariate model were considered in the multivariate analysis of the Cox Regression test (14) , using different model specifications. The patient's sex was also considered in the multivariate analysis, because it presented a marginal statistical value (P Ͻ .08) in the univariate model, very near the statistical value considered as significant (P Ͻ .05). We defined as a positive event any death caused by cancer recurrence. Deaths from causes other than lung cancer (n ϭ 2) and living patients (n ϭ 21) were considered in the models as censored cases. All statistical procedures were performed with SPSS version 6.0 statistical software (SPSS, Inc., Chicago, IL). Table 1 shows clinical, histologic, morphometric, immunohistochemical, and survival data of the patients. The population included 21 women (32.8%) and 43 men (67.2%). The mean follow-up time of the living patients was 51.9 Ϯ 41.27 months (range, 8.1 to 164.9 months). Mean survival time was 23.6 Ϯ 20.54 months (range, 1.7 to 135.5 months). At the end of the study, 41 patients had died of lung cancer, 2 patients had died of other causes without evidence of lung adenocarcinoma, 20 patients were alive without cancer recurrence, and 1 patient was alive with recurrent cancer. The recurrence rate of cancer was 65.6% (42 of 64 patients).
RESULTS
In the first statistical test, the individual effect of patient characteristics (age, sex, T stage, N stage), primary tumor variables (histologic type, proportions of stroma, and vascularization), and indexes of proliferation markers (PCNA and Ki-67 proteins) and p53 protein were examined to estimate statistical differences using Life Tables of Survival (Table  2) . As expected, the results of this analysis showed that the prognosis of patients who had adenocarcinoma of the lung is dependent on the T and N stages of the disease (P Ͻ .007 and P Ͻ .03, respectively). Sex presented a marginal significant value (P Ͻ .08), and male sex seemed to have an increased overall cancer recurrence than female ( Fig.  2A) . As observed in Figure 2B , tumor size (T stage) larger than 3 cm, as in T3 and T4 disease, was a significant predictor (P Ͻ .007) of invasion by lung tumors of adjacent structures (chest wall, mediastinum). The presence of nodal involvement was also significantly associated with cancer recurrence (P Ͻ .03). A significant increase in overall survival time was observed for tumors with high proportion of stroma (P Ͻ .02; Fig. 2C ). Figure 1 illustrates the method for determining the amount of stroma and low stroma, high stroma, and related survival. The curve analysis stratified by stroma proportion shows that 10 months after surgical resection, 10% of the patients who had high stromal proportion in tumors will be dead. For the same interval, approximately 25% of the patients will be dead if their tumors exhibit a low proportion of stroma. Similarly, death caused by cancer was significantly associated with high proliferation indexes of PCNA (P Ͻ .007) and Ki-67 (P Ͻ .01; Figs. 2D and E, respectively) and a high index of p53 protein (P Ͻ .05; Fig. 2F ). Morphologic variables related to tumor aggressiveness, such as histologic subtypes and proportion of vascularization, were not significant predictors of recurrence of lung adenocarcinoma.
Multivariate analysis of overall survival time based on significant and marginal significant factors at univariate analysis was examined by the Cox Regression model. Initially, the model was constructed with patient sex, tumor size, and nodal involvement (Table 3) . In this situation, tumor size and nodal involvement were maintained as independent prognostic factors; sex did not show a significant statistical value (P Ͻ .12). Thus, proportion of stroma was introduced into the model, controlled for sex, tumor size, and nodal involvement (Table 4 ). This new situation showed that tumor size, nodal involvement, and stroma were significantly related to overall survival, but sex did not show statistical value as a predictor of cancer recurrence. A third model, which excluded stroma and introduced indexes of PCNA, Ki-67, and p53 proteins, controlled for tumor size, nodal involvement, and sex. As shown in Table 5 , among the three immunohistochemical markers, only p53 was significant in predicting cancer recurrence. Finally, stroma was introduced again in the model to verify the joint effects of variables that had already presented significant or marginal statistical values in the univariate analysis (Table 6 ). In this new situation, sex, tumor size, nodal involvement, stromal proportion, and p53 index exhibited a significant association with cancer recurrence. Thus, male patients, tumor measuring more than 3 cm, neoplastic involvement of lymph nodes, low proportion of stroma, and high index of p53 protein are associated with cancer recurrence.
DISCUSSION
Among several types of lung carcinoma, a gradual increase in the incidence of adenocarcinoma has been recognized (15) . However, the pathologic and biologic behavior of lung adenocarcinoma is not fully characterized, and the outcome of surgical treatment remains unsatisfactory, because approximately 35% of patients who have Stage I adenocarcinoma die as a result of spread of cancer within 5 years after resection (16) . Although the tumornode-metastasis system is the simplest and best method for assessing the prognosis, several authors have studied other prognostic indicators for pulmonary adenocarcinoma, such as histologic differentiation (17) , vascular invasion (17, 18) , detection of oncoproteins (19 -21) and proliferation markers (11, 22, 23) , and DNA ploidy (20, 24) .
Among the histopathologic features, stromal proliferation may be marked in adenocarcinomas and is one of the most important prognostic factors already demonstrated (25) . Although several studies of stromal proliferation in lung cancer have been conducted (26, 27) , association with histopathologic, proliferative, and oncogenic characteristics, as well as the impact of these factors on overall survival, has not previously been considered.
In the current study, the analysis of Table 3 and Figure 2C indicates that the morphometric variable describing stromal proportion was of prognostic significance, and it may provide useful information on prognosis for patients who have adenocarcinoma and thus could influence clinical decisions or different therapeutic approaches. The results showed that tumors with a high proportion of stroma had a better outcome than those with a low proportion (Figs. 1 and 2C) . Stromal proliferation is an important, though poorly understood, collagenous host response to tumor invasion (28) . Growth factors (29) , extracellular matrix enzymes (30, 31) , and proliferative activity of tumor cells (4) form an intricate network of cooperative factors that regulate stromal proliferation. One of the first studies of the impact of stromal proliferation on the prognosis of lung adenocarcinoma was reported by Shimosato et al. in 1980 (25) . Analysis of the cases revealed that in adenocarcinomas with desmoplasia, the degree of pleural invasion and the incidence of lymph node metastasis and blood vessel invasion were greater; thus, the prognosis was poorer than in cases with no or light desmoplasia. In a subsequent study, Madri and Carter (32) did not find differences between the degree of desmoplasia and stage of tumor or the survival rate, and they inferred that stromal proliferation most likely represents a host response to the tumor. However, in these studies, multivariate analysis of complete pathologic descriptions, morphometry, and other major prognostic factors in adenocarcinomas was not analyzed. Takise et al. (33) studied 75 adenocarcinomas and failed to show a statistically significant correlation of desmoplasia with overall survival by multivariate analysis. Although in a univariate analysis desmoplasia was found to be a significant predictor of relapse, the wide range of stages included in this study limits the value of any conclusion.
In contrast to previous works that were based on subjective or semiquantitative assessment of stroma, our study utilizes stereologic estimates, which are a more objective method of quantifying histopathologic characteristics (34, 35) . The study included Stages I to III, and none of the patients received treatment other than surgery. Bias from preoperative mortality was eliminated, and the endpoint of analysis was overall survival. Patient age and sex as well as other known prognostic markers (histologic subtypes; vascularization and stromal proportions; and PCNA, Ki-67, and p53 indexes) were also taken into account in the univar- iate and multivariate analyses. A univariate analysis of overall survival showed that stromal proportion was the only histologic factor that acquired a significant statistical value, whereas proliferative indexes (PCNA and Ki-67) and index of p53 evaluated by immunohistochemical detection showed significant association with cancer recurrence. Tumor size and nodal involvement were significant as individual predictors of overall cancer survival (P Ͻ .007 and P Ͻ .03, respectively). The impact on tumors measuring more than 3 cm (T2) and neoplastic nodal involvement on survival in adenocarcinoma is the most consistent finding in the literature (16, 36) and was also confirmed by our study. Also in our study, tumor size, as in T3 and T4 disease, was a significant predictor of invasion by lung tumors of adjacent structures (chest wall, mediastinum). Evaluation of histologic subtyping of adenocarcinoma revealed no association with overall survival despite reports of previous studies (37) , probably because of interobserver and intraobserver variability concerning the histologic subtype (6) . This source of uncertainty probably contributed to the placement of pathologic information in a secondary position to clinical studies, which usually make little use of pathologic reports on the histologic subtypes. To verify whether pathologists could contribute more efficiently to the establishment of clinical outcome, our group has used quantitative techniques on routine processed material of lung cancer showing that simple stereologic estimators are useful for predicting prognosis in patients who have lung cancer (35) . In this context, among the estimated quantitative histopathologic variables, we found prognostic value of the stromal proportion even when clinical data were included in the model (Table 5 ). Studies of adenocarcinomas of the lung and other organs have shown a significant association between stromal proliferation and prognosis (26 -30) . However, in contrast to previous reports in the literature (34, 38) , in our series, vascularization was not significant as a survival predictor, probably because we should approach tumor vascularization by other methods rather than histochemical staining. In this context, adenocarcinoma of the lung indicates that additional measurements of pathologic characteristics should be taken and combined with biologic factors to verify whether it is possible to increase the efficiency of survival prediction for patients who undergo surgical resection for limited adenocarcinoma of the lung. Evaluation of overall survival in the current study demonstrated that nodal involvement and stromal proportion were significant predictors of overall survival. Therefore, they must be useful in evaluating survival of patients who have lung adenocarcinoma. The evaluation of the tumor cell proliferative characteristics is a potentially useful indicator for predicting the prognosis of the disease (7). PCNA (22) and Ki-67 (11, 23) proteins are routine markers of cell proliferation. p53 protein is a product of p53 tumor suppressor gene, which is known to play an important role in the control of cell proliferation and carcinogenesis (19 -22) .
PCNA is a 261 amino acid protein known as an auxiliary protein of DNA polymerases, the synthesis of which has been reported to be directly correlated to DNA replication and cell proliferation (22) . In the cell cycle, the PCNA expression increases late in the G 1 phase, reaches its maximum in the S phase, and then declines. As previously reported in the literature, in this work we found an increased detection of PCNA in the tumor cells, which showed predictor value only in the univariate analysis of overall cancer survival (22) .
Ki-67 is also a proliferation-associated nuclear antigen that recognizes the nuclear antigen during the G 1 , S, and G 2 /M phases, but not during the G 0 phase, of the cell cycle (11, 23) . Equal to PCNA, Ki-67 detection was increased in lung adenocarcinomas and also presented just a univariate correlation with cancer survival. Harpole et al. (11) and Kitamura et al. (23) reported similar findings.
The p53 tumor suppressor gene encodes a nuclear phosphoprotein, which is involved in gene transcription, interrupts the progression of the cell cycle in the G 1 -S phase transition of the cell cycle, and can trigger apoptosis (20 -23) . Different from the very short half-life of normal wild-type p53 protein, most mutant p53 proteins have a prolonged half-life. p53 wild-type acts as a tumor suppressor protein by binding to the promoter region of the inhibitor p21
Waf1 gene, preventing the propagation of genetically damaged cells. The arrest in the G 1 phase allows cells to repair DNA damage; if this fails, then the cells undergo apoptosis. Mutant p53 fails to cause G 1 arrest, and the cells with DNA damage continue to divide and the accumulating mutations lead to neoplastic transformation. It is interesting that our study showed an increased immunohistochemical detection of p53 protein in adenocarcinomatous cells and presented a significant relationship to cancer overall survival. Several reports in the literature have emphasized this association in lung carcinomatous cells (11, 19 -23) . Data from our study showed that high indexes of PCNA, Ki-67, and p53 were significantly associated with cancer recurrence and death caused by cancer, in the univariate analysis. In the multivariate analysis, p53 index presented a significant association with survival, but PCNA and Ki-67 indexes were eliminated from significance. These findings suggest that PCNA, Ki-67, and p53 indexes may be measuring similar changes and need to be evaluated by multivariate methods. In summary, on the basis of these results, we conclude that male sex, tumors measuring more than 3 cm, neoplastic involvement of lymph nodes, low proportion of stromal degree, and high immunohistochemical index of p53 may be reliable indicators of recurrence in patients who have operable lung adenocarcinoma, and their overall treatment should be improved by the evaluation of those variables.
